This paper focuses on the geographical distribution and habitats of Bulinus forskalii, the snail intermediate host of the conical fluke of equids, Gastrodiscus aegyptiacus as reflected by the 1 209 samples in the database of the National Freshwater Snail Collection of South Africa. The 362 different loci on record represent an extensive distribution in KwaZulu-Natal Province, the Limpopo Province, the coastal areas of the Eastern Cape Province and the south-eastern part of the North West Province. Although it was recorded from all types of water-body represented in the database, the highest percentages of samples were recovered from dams (30.4 %) and brooks (28.2 %). The majority of samples came from perennial habitats (59.1 %), 60.7 % from habitats with standing water, 54.0 % from habitats with clear water and 71.8 % from habitats of which the water was described as fresh. The majority of samples (39.5 %) were collected in habitats of which the substratum was recorded as muddy. The highest percentage of samples, by far (81.5 %), was collected in habitats that fell within the mean yearly temperature interval ranging from 15-20°C. An integrated decision tree constructed from the data in the database indicated that temperature and type of water-body played a decisive role in determining the presence of B. forskalii in a given area. The results of experimental exposure to miracidia of a local strain of both Schistosoma haematobium and Schistosoma mattheei in the laboratory indicated that a local strain of B. forskalii was incompatible with both these strains of parasite. Research to clarify the role of B. forskalii in the transmission of both Calicophoron microbothrium and G. aegyptiacus in South Africa, is recommended.
INTRODUCTION
The oldest record of Bulinus forskalii (Ehrenberg, 1831) in the National Freshwater Snail Collection (NFSC) dates back to 1956. It was collected in the KwaZulu-Natal Province of South Africa. This investigation focuses on the geographical distribution and habitats of B. forskalii as reflected by the 1 209 samples on record in the NFSC. Details are given of the habitats as described by collectors at the time of collection and also of the mean altitude and mean annual rainfall and temperature of the loci ( 1 / 16 square degrees) in which the collections were made.
This species is well known as the intermediate host of Gastrodiscus aegyptiacus, the intestinal fluke of horses, donkeys and mules elsewhere in Africa (Malek 1980) and B. forskalii was also reported previously to be susceptible to this parasite in South Africa (Le Roux 1958) . In view of the fact that B.
forskalii is an intermediate host of a distinct strain of Schistosoma intercalatum in Cameroon (Wright, Southgate & Knowles 1972) and Gabon (Brown, Sarfati, Southgate, Ross & Knowles 1984) , we evaluated the compatibility of a local strain of this snail species with a local strain of both Schistosoma haematobium and Schistosoma mattheei in the laboratory. The economic implications of its role as intermediate host of veterinary important helminth species are briefly discussed.
MATERIALS AND METHODS
Data on the geographical distribution and habitats of B. forskalii, which extend from 1956 up to the present, were extracted from the database of the NFSC. Only those samples for which the collection sites could be located on the 1:250 000 topo-cadastral map series of South Africa, were included in the analysis. The loci in which the collection sites were located, were grouped in intervals of mean annual rainfall and air temperature, as well as intervals of mean altitude to illustrate the frequency of occurrence in specific intervals. Rainfall, temperature and altitude data were obtained from the Computing Centre for Water Research, University of Natal. A temperature index was calculated for every species in the database by taking into account their frequencies of occurrence in the selected temperature intervals and these results were used to rank them in order of association with low to high climatic temperatures. This was done by allocating numeric values, ranging from one for the coolest to five for the warmest, to the five selected temperature intervals. The proportion of the total number of loci falling in a particular temperature interval for each species was then multiplied by the value allocated to that specific temperature interval. This was done for each temperature interval in which the species was recorded and the sum of these scores was then taken as the temperature index for that particular species (Brown, Dept of Zoology, The Natural History Museum, London, personal communication 2002) .
Chi-square values were calculated to determine the significance of differences between the frequency of occurrence in, on, or at the different options for each variable, such as type of water-body, substratum or temperature. In addition, the effect size (Cohen 1977) was calculated for each variable to evaluate the importance of its role in governing the geographical distribution of this species. The effect size is an index which measures the degree of discrepancy between the frequency distribution of a given species in the set of alternatives of a given variable such as water-bodies, as compared to the frequency distribution of all other mollusc species in the database in the set of alternatives of the same variable. The data in the database were also further processed to construct an integrated decision tree (Breiman, Friedman, Olsen & Stone 1984) . This multivariate analysis enables the selection and ranking of those variables that maximally discriminate between the frequency of occurrence of a given species under specific conditions compared to all other species in the database. This was done with SAS Enterprise Miner for Windows NT and Decision Tree Modelling Course Notes (Potts 1999) .
To evaluate its compatibility with S. haematobium and S. mattheei, 30 specimens of B. forskalii, intended as breeding stock, were collected in a stream within the Potchefstroom Municipal area (26°42'34"S, 27°05'37"E). These specimens were maintained in the laboratory in stainless steel aquaria through which water was continuously circulated and temperature kept constant at 25°C with custom-built programmable central processing units (De Kock 1985; De Kock & Van Eeden 1986) . Snails required for exposure to S. haematobium and S. mattheei miracidia were cultured in the experimental set-up from eggs produced during a 24-h period by the parental snails and the hatchlings reared on "TetraMin® Baby Fish Food E" (Tetra Werke, Germany) (Joubert & De Kock 1988) . At an age of 3 weeks 20 specimens of the F 1 offspring and nine of the 18 specimens of the parental generation still alive at that stage, were exposed to miracidia from a laboratory strain of S. haematobium and the procedure was repeated with a laboratory strain of S. mattheei. Both parasite strains were originally obtained from the Research Institute for Diseases in a Tropical Environment, Nelspruit, Mpumalanga Province. The protocol for exposure of the snails to miracidia, screening for the shedding of cercariae and maintenance of the exposed snails, entailed the following: each snail was individually exposed in 2 ml of water in a multi-well container to three miracidia for a period of 3 h (De Kock 1992). The four groups of exposed snails were kept in separate containers and maintained together at a constant temperature of 25°C in the same aquarium in the experimental set-up. Mortalities were recorded daily. Members of each exposed group were screened together every third day from day 24 until day 72 post-exposure. All snails that died during this period were crushed between two slides and inspected under a microscope for immature parasite stages (Chernin & Dunavan 1962) .
RESULTS
The 1 209 samples of B. forskalii which could be located on our maps were collected from 362 different loci (Fig. 1) . It was recovered from all habitat types represented in the database, but the highest percentages were collected in dams (30.4 %) and brooks (28.2 %) (Table 1) . However, the frequency of occurrence in dams differed significantly only from that of rivers (χ 2 = 85.30; df = 1; P < 0.05), swamps (χ 2 = 23.56; df = 1; P < 0.05) and ponds (χ 2 = 8.46; df = 1; P < 0.05). The nine times it was recovered from quarries represented just 0.7 % of the total number (1 209) of collections for this species, and it accounted for 7.4 % of the total number of collections (122) on record in the database for this type of water-body (Table 1) .
Although the majority of samples (59.1 %) of this species were collected in habitats described as perennial, the 308 samples recovered from seasonal habitats accounted for a higher percentage (5.8 %) of the total number of collections of all molluscs in seasonal habitats ( Table 2 ).
The largest number of samples by far (734) were collected in habitats with standing water (Table 2) and its frequency of occurrence under this condition differed significantly from its occurrence in slowrunning (χ 2 = 63.04; df = 1; P < 0.05) and fast-running (χ 2 = 23.42; df = 1; P < 0.05) water. Fifty-four percent of the samples were collected in habitats of which the water was described as clear and in 71.8 % of the cases the water was recorded as fresh (Table 2) .
Nearly 40 % of the samples were collected in habitats with a muddy substratum and this differed significantly from its frequency of occurrence in habitats with stony (χ 2 = 10.14; df = 1; P < 0.05) and sandy substratums (χ 2 = 13.80; df = 1; P < 0.05).
The largest number of samples by far (81.5 %), came from collection sites which fell within the mean annual temperature interval ranging from 15-20°C (Table 4 ) and the frequency of occurrence differed significantly from all the other intervals (chi-square values ranging from χ 2 = 48.80; df = 1; P < 0.05, to χ 2 = 168.11; df = 1; P < 0.05). A: Number of times collected in a specific water condition B: % of the total number of collections (1 209) on record for B. forskalii C: Number of times any mollusc was collected in a specific water condition D: % occurrence of B. forskalii in the total number of collections in a specific water condition E: Effect size values calculated for each water condition A: Number of times collected on a specific substratum B: % of the total number of collections (1 209) on record for B. forskalii C: Number of times any mollusc was collected in a waterbody with a specific substratum D: % occurrence of B. forskalii in the total number of collections in a waterbody with a specific substratum E: Effect size calculated for substratum types The majority of samples came from habitats which fell within the two mean annual rainfall intervals which ranged from 300-900 mm (40.4 % + 53.8 % = 94.2 %) and 51.4 % came from sites which fell within the mean altitude interval ranging from 1000-1 500 m (Table 4 ).
The frequency of occurrence in habitats falling within the five selected temperature intervals, the temperature indexes calculated from these data and the ranking of the species in order of their association with low to high temperatures, are presented in Table 5 . The effect size values calculated for each factor are also listed in Tables 1-4 .
The results of the integrated decision tree analysis, in which all the different variables were taken into account, are depicted in Fig. 2 . The 985 times B. forskalii was collected in habitats falling within the temperature category, 15-20°C represented 4.0 % of the total number of 24 928 collections recorded for this category (Fig. 2) . However, the 204 times this species was collected in habitats within the 20-25°C represented a higher percentage (4.8 %) of the total number of collections for this category. Concrete dams and rivers (C, J) were the only types of water-body pointed out as of minor importance for the occurrence of this species within the 15-20°C temperature category (Fig. 2) .
None of the exposed snails shed cercaria during the entire period of observation. Specimens that died during this period and were crushed between glass microscope slides to screen for pre-patent infections, also showed no evidence of immature parasite stages.
DISCUSSION
The distribution of B. forskalii is essentially Afrotropical. An account of its occurrence elsewhere in Africa and its presence in Madagascar was reported earlier (Mandahl-Barth 1957 , 1965 . Its range extends southwards to the lower Orange River and Eastern Cape Province, but it is not found in the cool highlands of eastern and southern Africa, nor in most of the Western Cape Province (Brown 1994) . However, our data show that its range in South Africa is definitely more widespread than reported by Brown (1994) , especially with regard to its distribution in the cooler areas of the North West Province and the north-eastern areas of the Free State Province (Fig. 1) .
Effect size values in the order of 0.1 and 0.3 indicate small and medium effects, respectively, while values of 0.5 and higher indicate significantly large effects (Cohen 1977) . From the values calculated for each factor separately (Tables 1-4) , it can be deduced that only rainfall, salinity of the water and type of substratum, seemed to play a minor role in the presence or absence of this species in a particular site. This analysis indicated that temperature and type of water-body were the most important factors circumscribing the habitat of B. forskalii in South Africa. This is supported by the results of the multivariate decision tree analysis that also indicated temperature and type of water-body as the two most important factors circumscribing the habitat of this species and should consequently play a major role in determining its geographical distribution in South Africa.
The fact that B. forskalii was recovered from all types of water-body represented in our database is in accordance with the wide variety of habitats listed in the literature for this species. These are, amongst others, various natural and artificial situations, including swamps, irrigation systems and, above all, small water-bodies that may be flowing or stagnant (Brown 1994) .
Although B. forskalii is listed as a good aestivator by Brown (1994) , it does not occur in such brieflyfilled rain pools as are inhabited by Bulinus reticulatus. Nevertheless, we have often found these two species together in ephemeral habitats in the North West and Free State Provinces of South Africa.
Bulinus forskalii is listed by Brown (1978) among the broadly tropical mollusc species of South Africa because it has a western arm in its range of distribution. It is therefore not surprising that the temperature index we calculated for this species does not differ significantly (effect value < 0.5; Table 5 ) from those of five of the seven other mollusc species also listed by Brown (1978) as broadly tropical in South Africa.
Our unsuccessful efforts to infect a local strain of B. forskalii with a local strain of S. haematobium support the results of earlier unsuccessful attempted experimental infections with the same species combination (Frandsen 1979) . We also found a local strain of B. forskalii to be incompatible with a local strain of the indigenous bovine schistosome species, S. mattheei. However, B. forskalii was reported as one of the intermediate hosts of another bovine schistosome species, S. bovis in both eastern Africa (Kinoti 1964; Southgate & Knowles 1975; Mutani, Christensen & Frandsen 1983; Mwambungu 1988) The pathogenicity to its definite hosts has also not yet been satisfactorily established, but it is commonly believed that it is relatively unimportant. However, a case of severe parasitism of the colon, associated with incoordination and collapse, was reported by Bracegirdle (1973) in a horse in Ethiopia and contrary to the common belief, it was concluded in a study of a particular stud farm of thoroughbred horses in South Africa by Azzie (1975) , that G. aegyptiacus could be pathogenic to horses. Bulinus forskalii most probably also plays a role in the natural transmission of C. microbothrium in South Africa, which in its acute phase, could be lethal to domestic ruminants (Dinnik 1964) .
The results of a recent survey of the freshwater molluscs in the Kruger National Park (De Kock, Wolmarans & Du Preez 2003) suggested that B. forskalii could be in the process of becoming more widespread in that area. The fact that this snail can exploit a wide variety of natural and artificial habitats, as reflected by the results in Table 1 , and also has the ability to aestivate through long periods of drought, are factors which could contribute to the chances of this species extending its range of distribution in South Africa. In view of the possibility that this intermediate host snail could be in the process of becoming more widespread and the economic implications that might be involved, it is recommended that research should be focussed on establishing the geographical distribution of C. microbothrium and G. aegyptiacus in South Africa and on clarifying the role played by B. forskalii in their transmission.
